Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
In South Asia, "internal climate migrants" could number over 40 million, 1.8 per cent of the region's total population. Climate migrants are projected to increase by a factor of six between 2020 and 2050, and the share of climate migrants in all internal migrants could reach as high as 25 per cent (Rigaud et al., 2018) . According to Dasgupta et al. (2007) , Viet Nam is one of the countries that will be highly affected by climate change in the years to come. The impact of climate variations is greatly enhanced by the fact that many Vietnamese households have climate-sensitive livelihoods. Despite its ongoing reduction over the last decades, the share of employment in agriculture on total employment is still high, around 44 per cent in 2015, and agriculture still accounts for a significant part of the GDP, around 20 per cent in 2015 (World Development Indicators).
1 Therefore, public awareness about the negative consequence of climate change is rising: Tarp (2017) stressed that commune leaders consider this issue as a key problem for the future development of their communities. In addition, Viet Nam is also experiencing a significant increase in the number of migrants. As reported by Narciso (2017) In light of these considerations, this paper aims to investigate the relationship between climate and migration in rural households in Viet Nam. The stream of literature relating these two phenomena is quite lively: the main hypothesis is that climate variations may dramatically affect the livelihood of individuals, thus, leaving them with no other choice than to migrate. Evidence for this hypothesis has been produced across many studies (Dell et al., 2014; Bohra-Mishra et al., 2014; Mueller et al., 2014; Gray and Mueller, 2012) . Results, however, have shown a number of difficulties and contingencies (Thiede et al., 2016) .
In this paper we claim that climate change affects rice production, the main crop in Viet Nam, and in turn this modifies the set of the economic opportunities, increasing the cost of rice for consumers (therefore reducing their real income), reducing production for small landowners that see a fall in their income and possibly higher expenditure in fertilizers and irrigation to cope with reduced output, and lower labour demand for workers involved in rice production causing unemployment and lower wages. All these occurrences may lead to migration. To this end it is crucial to choose the most appropriate measure of climatic variation. Among social scientists, climate change is frequently approximated by means of average rainfall and temperature levels (Burke et al., 2011; Feng et al. 2010; Dell et al. 2009 ). Drawing insights from natural science literature, Caruso et al. (2016) recently argued that the use of the average temperature may overshadow the effect that temperatures have on the growth of the main crop cultivated in a country. Using data about rice production in Indonesia, the authors showed that an increase in minimum temperatures in some key months of the life cycle of this crop led to a reduction of rice production. This, in turn, affects the living conditions of people reducing their opportunity-cost to commit violence.
To test these hypotheses, we propose an instrumental variable approach as adopted by Feng et al. (2010) . In this work, the authors estimate the effects that climate variations have on migration through the causal mechanism of agricultural productivity in Mexico. To avoid endogeneity between crop production and migration, however, they instrument crop yields using both annual average temperature, annual average precipitation and summer average temperatures. In our work, 2 we adopt this approach, but we use exogenous deviations in monthly minimum temperatures in the growing season as an instrument of rice production. In our analysis, we also include some controls for the specific socio-economic conditions of the households. We find that the rise of the minimum temperature during the core month of the growing season (i.e. June) does cause a reduction in rice production which, in turns, has a positive impact on people's propensity to migrate. This finding is robust to the use of different estimators.
The paper is organized as follows. Section 2 reports some background data on rice production in Viet Nam, while section 3 is devoted to three short literature reviews; the first one concerning the effect of climate change on rice production, the second about climate change and immigration, and the third regarding the effects of climate change on Vietnamese households. Section 4 explains the empirical strategy used to analyze the impact of climate on migration and introduces the data, while in section 5 we report the results. Section 6 concludes.
2
Rice production in Viet Nam 2
Viet Nam is the world's fifth-largest rice-producing country, with a production that increased from 25 million tons in 1995 to 43.6 million tons in 2016. This increase can be attributed to both the expansion of the rice-harvested area and to higher yield. Rice yield improved to 5.6 t/ha in 2010 from 3.7 t/ha in 1995. Yield has increased because of modern varieties being put into production, higher use of fertilizers, and an improvement in irrigation. The rice area harvested expanded from 6.8 million ha in 1995 to 7.7 million ha in 2016, but annual growth was only 0. Mean annual sea level temperatures range from 27°C in the south to 21°C in the extreme north. Mean annual rainfall ranges from 1,300 to 2,300 mm. Rainfall is usually evenly distributed through June to October or November. In the Mekong Delta, the summer monsoon brings 5-6 months of rainfall above 100 mm/month. There are two monsoon seasons: the northeastern winter monsoon and the southwestern summer monsoon.
The population of Viet Nam was 92.70 million in 2016, with an average density of 270 people per km 2 . Seventy per cent of the population lives in rural areas, mainly in the two rice-growing deltas: the Red River Delta in the north and the Mekong River Delta in the south. The country's total labour force was above 54 million, with the labour force in rural areas accounting for 67.9 per cent. The Mekong River Delta produces most of Vietnam's rice. The other rice-growing regions are the 3 Red River Delta, 3 northeast, and the north-central coast. The Mekong Delta has three major cropping seasons: spring or early season; autumn or midseason; and winter, long-duration wetseason crop. The largest rice area is cropped during the autumn season followed by a spring crop; only a small area is cropped in winter. Table 1 reports the production seasons. In 2016, agriculture production faced several challenges caused by adverse weather such as: extremely cold weather in earlier 2016 in the Northern provinces; drought, heavy rain and flood in the central provinces; especially drought-parched in the Central Highlands, and severe saltwater intrusion in the Mekong River Delta.
In the last twenty years, Viet Nam has changed from a highly centralized planned economy to a socialist-oriented market economy. It undertook structural reforms to modernize the economy and to create more competitive export-driven industries and joined the World Trade Organization in January 2007. As a result, the economic structure is changing: agriculture's share of GDP dropped from about 25 per cent in 2000 to 16 per cent in 2016, as the share of the industrial sector surged to 32 per cent and the service sector to 41 per cent of GDP in the same period.
Rice policy in Viet Nam aims to maintaining domestic food security and promoting rice exports. Government intervention is limited in the domestic market and rice exports are made through state-owned trading enterprises, which buy rice from farmers to keep the price stable and to prevent rice importers from haggling for too low prices during the harvest season. Producers are typically small, which reduces their ability to access credit, capital investments and export.
Literature
In this section we place our contribution within the three streams of literature to which we contribute. First, we review the natural science literature concerning the effect of climate change on rice production, second, we focus on the link between climate change and immigration, and finally we take stock of the existing results regarding the effects of climate change on Vietnamese households.
Rice and climate change
Even in the absence of an increasing trend, temperature variability reduces crop production (Wheeler et al., 2000) . The natural science literature suggests that variations in minimum temperature negatively affect cereal production because it increases the maintenance respiration requirement of the crops and shorten the time to maturity, thus reducing net growth and productivity. Peng et al. (2004) analyzed weather data from 1979 to 2003 to examine temperature trends and the relationship between rice yield and temperature by using data from irrigated field experiments at the International Rice Research Institute Farm. They report that annual mean 4 maximum and minimum temperatures have increased by 0.35°C and 1.13°C, respectively, and that grain yield declined by 10 per cent for each 1°C increase in growing-season minimum temperature in the dry season, whereas the effect of maximum temperature on crop yield was insignificant. Welch et al. (2010) studied 277 farm-managed rice fields in six major producer countries finding that temperature and radiation had statistically significant impacts during both the vegetative and ripening phases of the rice plant. Higher minimum temperature reduced yield, whereas higher maximum temperature raised it. Overall, this would result in a net negative impact on yield from moderate warming, also because prior research indicates that the impact of maximum temperature becomes negative at higher levels.
Although this result holds for other south-eastern countries, studies that focus on China (Huang et al., 2013; Deng et al., 2010; Zhang et al., 2010) , find that an increase in temperatures, especially minimum temperatures (Tao et al., 2008) , increases rice yields. This apparent contradiction depends on the fact that climate warming may rise yield in cooler climates and lower them in warmer climates (Grant et al., 2011) . The aggregate world effect in the period 1961-2002, as estimated by Lobell and Field (2007) , is negative but close to zero, given the different impact across countries. 4 Extending the dataset until 2008, Lobell et al. (2011) claim that global warming slightly reduces rice yield in Viet Nam.
Evidence of a negative correlation between sea surface temperature anomaly (SSTA) and rainfall has been provided by Naylor et al. (2007) in a study of Java and Bali, and Roberts et al. (2008) in the Philippines. El Niño events delay rainfall by as much as two months, thereby delaying rice plantings and extending the pre-harvest season when rice prices characteristically rise in consumer markets (Ellis, 1993) . The timing of rainfall in the growing season tends to dictate rice-planting patterns for the next 8-9 months, because delayed plantings in the growing season also defer plantings of the dry season crop. The temporary crop reduction is associated with an increase in food prices.
According to FAO (2016: IX) , in Viet Nam the 2016 main winter/spring rice crop, which accounts for 45 per cent of annual production nationwide, was negatively affected by limited irrigation availability, following a generally weak rainy season in 2015 associated with El Niño and resulting in intensified saltwater intrusion. The Mekong River Delta, which accounts for half of the winter/spring output, recorded the highest losses with a production reduction of 1.1 million tons year-on-year to 10 million tons.
Climate change and migration
The standard migration literature focuses on forces considered by migrants as network, pull, and push forces (e.g., Borjas, 1994; Martin and Widgren, 2002) . Economic and sociopolitical network forces include forms of various aids. Economic push forces include high unemployment, economic decline, and underdevelopment, while pull forces include employment, prosperity, and development. Sociopolitical push forces include wars and persecution, while pull forces include peace, family unification, and presence of brethren. Reuveny (2007) argues that people can cope with environmental problems in three ways: stay in place and do nothing; stay in place and mitigate changes; or leave affected areas. The choice between these options is based on net perceived benefits and depends on the extent of the problems and mitigation capabilities.
5 Developed 4 It is interesting to note that the effects of the increase in minimum temperature may have a positive effect on wheat production (Nicholls, 1997) , therefore it is important to focus on the correct climate indicator/crop bundle. 5 The International Organization for Migration (2009) defines environmental migrants as 'persons or groups of persons who, for compelling reasons of sudden or progressive change in the environment that adversely affects their countries are likely to mitigate problems through technological innovation, whereas less developed countries are less likely to mitigate such problems because they lack both wealth and expertise. 6 In this sense, migration can be seen as an extreme form of adaptation.
In the last ten years this stream of literature has grown substantially, and we refer the interested reader to Millock (2015) and Berlemann and Steinhardt (2017) for detailed surveys, while here we consider a few issues that have emerged in the scholarship that are relevant for our work.
We can distinguish two approaches, one macro based on international dataset including (often) dyadic data on migration, which tend to employ gravity-like models. The second approach is micro in nature and uses survey data. The empirical literature has addressed international and internal migration, yielding similar results. The majority of the studies finds that rising temperatures have a significant impact on both types of migration. This is particularly true in agriculture-dependent countries, where it works through reducing wages and agricultural productivity. A partial difference involves excess precipitations, which are more relevant for internal migration, although weaker than the effect of temperature, when jointly controlled for. However, these effects are small compared with other causes for migration, and it is likely that it will mainly concern migration between and within African countries.
Estimations involve a number of covariates. The main group of right-hand side variables consider the labour market channel as one of the reasons to decide to migrate: climate change affects jobs opportunities, and people may react leaving their current place. Income and wage are usually included in the regressions to capture this effect. However, they may be hit so bad by climate change that individuals become credit-constrained and therefore unable to collect money to migrate. Ignoring these direct and indirect effects risks drawing mistaken conclusions about the relationship between climate and migration (Beine and Parsons, 2017) .
7 Other controlling groups include institutions (in international analyses) and conflict.
Climate change in Viet Nam
A small literature has addressed climate change and natural disasters in Viet Nam. They typically use household surveys (Vietnam Household Living Standard Survey, VHLSS) to analyze the effects of these events in terms of loss in welfare and the way in which households and group cope with them. Thomas et al. (2010) use household surveys augmented with the natural disaster measures to estimate the welfare effects associated with natural disasters. Short-run losses can be substantial, with riverine floods causing welfare losses of up to 23 per cent and hurricanes reducing welfare by up to 52 per cent inside cities with a population of over 500,000. Households in frequently inundated areas have even been able to turn the floods into an advantage, as long as the flooding is not too severe. There is however no adaptation to hurricanes. Finally, those further away from the large urban centers are not only poorer, but also tend to suffer less from disasters, likely due to the adoption of less risky and less remunerative portfolios and a higher likelihood of receiving disaster relief. Arouri et al. (2015) find that storms, floods, and droughts have negative effects on lives or living conditions, are obliged to leave their habitual homes, or choose to do so, either temporarily or permanently, and who move either within their country or abroad'.6 household income and expenditure. Households in communes with higher mean expenditure and more equal expenditure distribution are more resilient to natural disasters. Access to micro-credit, internal remittances, and social allowances can help households strengthen the resilience to natural disasters. Bui et al. (2014) , correcting for potential endogeneity bias with instrumental variables, and also using Average Treatment Effects on the Treated, find a 6.9 per cent and 7.1 per cent decline in household per capita income and expenditure, respectively. Narloch (2016) shows that annual, seasonal, abnormal, and extreme weather conditions and weather events are related to income variations. In particular, warmer temperatures and heat extremes can have negative income effects in all climate contexts and for all socioeconomic groups and most income activities. Only staple crops, forestry, and fishing seem to be less sensitive to hotter conditions. Instead, more rainfall is beneficial in drier places but harmful in wetter places, and the incomes of poorer households seem to be negatively affected by wetter conditions, while those of wealthier households are more impacted by drier conditions. In particular, an increase in rainfall levels and flood conditions between 2012 and 2014, which were relatively wet years, is related to reduced income growth between these two years.
Using panel data from rural Vietnam and rainfall data in an instrumental variable approach, Lohmann and Lechtenfeld (2015) find that in the year of droughts populations face an increased risk of illness. Drought-related health shocks also cause financial burden for many households, with health expenditures increasing by 9-17 per cent of total consumption.
A very different approach is taken by Arndt et al. (2015) who adopt a multi-sectoral and dynamic approach and consider the full range of climate projections. Until 2050 the negative impact on agriculture and roads is modest. Larger costs are caused by rising sea levels and cyclone strikes, with a reduction in national income between one and two per cent by 2050 (relative to a historical baseline).
4
Data and empirical specification
Data
Our dataset uses a balanced version of VARHS household dataset 8 which includes only the families continuously interviewed over the period 2010-16. We drop year 2008 since data on migration were collected starting from 2012 and we use as regressors lagged variables at year 2010. The resulting dataset contains 2,088 households living in 459 communes. Figure 1 maps the communes involved in our analysis.
7 Figure 1 . The VARHS communes included in our analysis Source: Authors' own elaboration from VARHS data files.
Our dependent variable is a dummy variable indicating if the family has at least one component which has migrated for working reasons in the two years preceding the interview.
9 Data reporting the reasons of migration are collected in Q11 ancillary files of the VAHRS household dataset. Here, each migrant is listed with the household he belongs to as well as information about its status, education and so on. As shown in table 2, work is the main driver of migration in the VAHRS sample of Vietnamese households: about 45 per cent of people migrated in order to work 8 over the period considered while nearly 35 per cent left for study. Other drivers like marriage and army service are far less important. To construct our dependent variable, we selected the households reporting at least one migrant that left for work over the period 2012-16 and we merged this information in our main dataset containing data about VARHS households. It resulted that of 2,088 households about 8 per cent per year reported at least one migrant leaving for work. This number is slightly increasing over the period considered.
10
Data about rice production are drawn from the VARHS household dataset. As mentioned before, the agricultural sector is still prominent in Vietnamese economy and rice is the main crop grown in Viet Nam. The households in our sample are no exception: 82.33 per cent of them claim that they earn an income from crop agriculture with rice accounting for the large majority of total crop production. Figure 2 reports the share of rice produced over the total production as recorded by the households. The figure shows that a sizable majority of the households grows only rice, while for many it is the main crop. Climatic data are drawn from the CRU TS4.01 of the Climatic Research Unit at the University of East Anglia. 11 This dataset reports monthly time series of rainfall, minimum, mean and maximum temperature from 1901 to 2016 at 0.5 x 0.5-degree grid. Our dataset combines data from the VAHRS household dataset with climate data. This process involved many steps. First, we selected the latitude and longitude of VAHRS communes using data from GADM 12 (Global Administrative Areas), a database that provides the location of the world's administrative areas (boundaries). Then, we grouped communes into 56 0.5 x 0.5-degree grids to which we attributed their minimum temperature and precipitation values as reported by CRU TS4.01. Finally, we computed the monthly deviations of observed minimum temperature and rainfall from the monthly average. 13 Figures 3 and 4 provide climate patterns resulting from plotting these two variables. Figure 3 shows that there is a tendency towards an increase in minimum temperatures since 2010. Conversely, the patterns in figure 4 do not show any increase in rainfall. The absence of a clear pattern in deviations in rainfall leads us to drop this variable from our analysis. 
Method and estimation
Our aim is to identify the impact of climate change on migration throughout the channel of rice production. To test this hypothesis, we adopt an instrumental variable (IV) approach 14 using the deviation of minimum temperature during rice growing season as instrument for rice production. This variable indicates how much a month has been warmer or colder when compared to the average month. The choice of this instrument is in line with what is described by the scientific literature about rice and climate change which claimed, as reported in section 3.1, that if a shock occurs at this stage of the process, future crops are severely affected. As illustrated in the rice calendar (see table 1), the core of the growing period is over the period from May to July. In particular, we use deviations recorded in June because it is in the middle of the growing phase of rice in Viet Nam where rice is more vulnerable to shocks. Thus, to test our model we estimate the following equation:
where the subscript i indicates the household, Rice is the proportion of rice production which is explained by the instruments and X is the set of covariates.
The first stage regression of this equation is:
14 This approach has been proposed for the study of climate change and conflict by Miguel et al. (1994) . 
Where the subscript j indicates the cell of the grid for which we have climate data, Dev min temperature June e is the deviation of minimum temperature in June.
Rice production (and consequently the deviations) as well as the covariates are lagged. Specifically, to describe migration in year 2016 we use variables of year 2014 while to analyze the phenomenon in 2014 we use factors of 2012 and so on. This choice is due to the retrospective nature of our dependent variable. When asked about migration the interviewee is questioned if the household has a member who has left in the last two years. This means that migration already happened before the interview was made. Therefore, migration should be explained by factors that occurred in years before the interview.
The choice of covariates depends on the established literature and data availability. We include a set of covariates describing the households' economic and social conditions. As seen in section 3.2, the propensity of an individual to migrate can be affected by these characteristics. Therefore, we first account for household's financial and human capital as well as their demographic characteristics (Bohra-Mishra et al., 2014) . Beside traditional measures like income, education and the size of the households, the total area and the number of livestock owned are also included as controls for rural households' wealth. As proxy for the job market characteristics, we adopt the number of days worked per household member in wage work.
Our model also introduces two measures describing the credit available to households. As mentioned in section 3.2, financially constrained individuals cannot afford the cost of migration, and, therefore, the availability of money can positively impact on migration. Furthermore, we also control for the quality of the social and institutional environment that, as previously mentioned, is considered by migrants as a pull force. To do so, the number of household member joining local groups and organizations is used as proxy. Finally, we include in our model two variables indicating the ethnicity of the household and the gender of the household head, respectively. In doing so, we want to take into account the different migration dynamics that these two disadvantaged groups may present (Narciso, 2017) . Table 3 lists definitions of variables and descriptive statistics. Table  A1 in the Appendix reports the correlation matrix of these variables. Source: Authors' own calculation from VARHS dataset.
In light of the binary nature of our dependent variable and of the IV approach chosen, three different estimators are employed. First, we adopt a TSLS estimator as baseline model. The use of OLS fits well in the first stage where the dependent variable (rice) is continuous and it is also appropriate in the second stage for our binary dependent variable. We, then, adopt a generalized linear model to implement both a logit and a probit model with endogenous regressors. The GLM is a generalization of an ordinary linear regression model where the response variable can have errors non-normally distributed (Nelder and Wedderburn, 1972) . This model is estimated in Stata by the qvf routine (Hardin and Schmiediche, 2003) which performs it by using maximum quasilikelihood and also allows for instrumental variables. 15 The Qvf routine, however, presents some limitations. The coefficients are not generally interpretable and marginal effects cannot be computed. Thus, despite the presence of statistically significant coefficients, it is possible only to infer a qualitative relation between our variables of interest.
5
Empirical results
Baseline results

First stage: the impact of climate change on rice production
This section describes results from the first stage of our IV estimation as illustrated by Equation (2). 16 The variable of interest in this stage is our instrument, i.e. the deviation of the minimum temperature. To support our main hypothesis, the coefficient of this variable should be significantly and negatively related with the dependent variable, i.e. rice production, as predicted in the natural science literature in the field (see section 3.1). Results, presented in table 4, show that there is a significant and negative relationship between the minimum temperature and the dependent variable. In order words, this figure claims that an increase in the minimum temperature brings about a decrease in rice production, thus confirming the negative impact of climate change on this crop.
From a methodological point of view, however, the existence of a significant relationship between the deviation from the minimum temperature and rice production is not sufficient to verify the validity of our instrument. In order to be valid, our instrument is required to satisfy two conditions: a) it has to be correlated with the endogenous variable (relevance condition); b) it has to be exogenous, that is it should not be correlated with the error term (exclusion restriction).
Statistical tests support the relevance of the instrument. We first control for under-identification using the Kleibergen-Paap LM statistic which checks whether the instrument is correlated with the endogenous regressor. The p-values always reject the null that the equation is under-identified. Supporting the exclusion restriction, on the other hand, is quite difficult. Although we believe that, given the importance of rice production in Viet Nam, its reduction caused by an increase in the minimum temperature indeed plays a key role in determining migration, we cannot exclude exante that minimum temperature affects migration throughout other channels than rice production. Furthermore, the adoption of one instrument does not allow to use the Hansen J statistics test that checks whether the model is over-identified i.e. that all the instruments employed are exogenous.
To test the plausibility of our exclusion restriction, we use the method described by Conley et al. (2012) . 17 The ratio γ/α 1 in table 4 can be interpreted as the maximum hypothetical violations of the exogeneity of the instrument we can allow for without rejecting that the minimum temperature affects migration through rice production (Bentzen et al., 2017) . Further explanations about this method will be provided in section 5.2.2.
Second stage: the determinants of migration
In this section we describe results of Equation (1), estimated with the three different methods explained in section 4.2. As presented in tables 4-6, we adopt five models which differ according to the covariates included and all have standard errors clustered at regional level. Specifically, the first model measures the effect of rice production without the inclusion of any covariate. We, then, include those regressors controlling for the economic and social conditions of the households. Notes: Instrument: deviation of the minimum temperature (June t-1). Standard errors clustered at regional level in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Source: Authors' own calculation from VARHS dataset. Notes: Instrument: deviation of the minimum temperature (June t-1). Standard errors clustered at regional level in parentheses; *** p<0.01, ** p<0.05, * p<0.1.
Source: Authors' own calculation from VARHS dataset. Notes: Instrument: deviation of the minimum temperature (June t-1). Standard errors clustered at regional level in parentheses; *** p<0.01, ** p<0.05, * p<0.1.
Source: Authors' wn calculation from VARHS dataset.
Results show that rice production is negatively correlated with migration: a decrease in the quantity of rice produced increases the probability to migrate. This result is robust across different specifications and estimators.
As far as the covariates are concerned, figures illustrate that migration is more likely among the wealthier households. This finding is in line with those studies claiming that individuals leaving their homeplace must be able to afford the cost of migration and, therefore, only those belonging to well-off families are able to migrate. In particular, studying the effect of climate change on migration in Tanzania, Maurel and Kubic (2016) found that this phenomenon is positively related with those variables controlling for the prosperity and the size of the households such as the number of livestock, the area owned, income and education. Similarly, our results show that the coefficients for these regressors are significant and positive. In contrast with the literature in the field, however, education is not always significant and, when significant, negatively related with migration. This may be due to the exclusion of the individuals who migrate for studying from our sample.
Regarding the variables measuring the availability of credit (the total amount of informal and formal loans), both measures of credit adopted are not significant, further supporting our previous result on income: credit-constrained poor households do not find loans to help them to migrate. Furthermore, the number of household members joining local groups and associations is significantly and negatively related with the probability to migrate. This is in line with the literature arguing that a favorable social and institutional environment deters migration (see section 3.2). This reasoning is also supported by the fact that in our analysis Kinh households are less likely to have a migrant among their members. Kinh people are the majority ethnic group in Viet Nam, are better integrated and enjoy a bigger social network than non-Kinh people (Singhal and Beck, 2017) . Finally, the gender of the household is not significantly impacting on migration. Estimating by logit and probit yields robust results.
Robustness checks
Sensitivity analysis: the effect of possible violations of the exclusion restriction
In this paragraph, we use the approach proposed by Conley et al. (2012) to assess the robustness of our results to possible violations of the exclusion restriction. This approach consists in letting the instrument enter the second-stage regression with a coefficient of γ, that is
where γ is a parameter set by the econometrician. Equation 3 is estimated by the UCI (Union of Confidence Intervals) approach, a methodology provided in Conley et al. (2012) which "replaces the original assumption that γ = 0 with an assumption regarding the minimum and the maximum values which γ may take" (Clarke and Matta, 2017, p. 5) . This produces confidence intervals on β at a chosen level of significance. The UCI approach also provides confidence intervals for the controls included in our models. Their coefficients are statistically significant when the intervals produced are below or above zero (Madsen and Murtin, 2017) .
Following Fletcher and Marksteiner (2017), we use different ranges for γ (see tables 8-12). First, since the reduce-effect of minimum temperature on migration is positive (see table B .1), we assume that the exclusion restriction is only a problem for our analysis if our instrument positively influences the dependent variable (Bentzen et al. 2017) . Therefore, we fix the lower bound of [ ] at 0 (no effect) and we allow growing positive violations of the exogeneity assumption as large as [ ] , which corresponds to different percentages of the minimum temperature reducedform effect on migration (see table B.1). In detail, we first assume small violations, that is we include small percentages of the minimum temperature reduced-form effect on migration in the second stage (see tables 8-10). The larger the violations, the highest the level of endogeneity in the model. Eventually, we find the largest possible positive value of [ ] for which rice production is still significant at the 10 per cent level (see table 11 ). Results show how our analysis changes when increasing parts of the reduced-form effect of minimum temperature on migration is not captured by rice production. Table 12 describes the outcomes of our estimation when the endogeneity is such to invalidate our hypothesis.
The main findings of this analysis are twofold. On the one hand, we observe that the effect of rice production on migration remains negative even if we allow for substantial violations of the exclusion restriction. The ratio provided in table 4 are derived from table 11 dividing the largest possible positive value of [ ] , for which rice production is still significant at 10 per cent level by the reduced-form coefficient of the minimum temperature on migration. These ratios indicate that the coefficient for rice production remains significant even if more than 60 per cent of the overall effect of our instrument on the dependent variable is not captured by the channel of rice production. It is noteworthy that these ratios are, as shown by Conley et al. (2012) , sensitive to the strength of the instrument, which decreases as more control variables are included into the model, i.e. in columns (4) and (5). Table 12 , moreover, illustrates that to make our IV results insignificant, two-thirds of the overall effect of our instrument would have to come through some omitted third variable.
Our sensitivity analysis, on the other hand, also shows that the higher the endogeneity of our instrument, the more controls become not significant. Specifically, tables 8-9 point out that education as well as the ethnicity of the household are particularly sensitive to violations of the exclusion restriction. When more than half of the effect of minimum temperature on migration is not channeled by rice production, other controls, like the household income and land owned, lose their significance (see tables 10-12). This finding leads us to re-assess some of the results in tables 4-7 since it supports the idea that potential violation of the exogeneity of the instrument may lead to some measurements errors. However, while we cannot rule out that minimum temperature affects migration through other channels, rice production still is an important explanation of why people migrate from their home. 4075 -0.5802 -0.1250 -0.6650 -0.1818 -0.6527 -0.1863 -0.6760 -0.1907 Source: Authors' own calculation from VARHS dataset. 
Placebo test
To check the robustness of our results, we run a placebo test using the deviation of maximum temperature 18 as instrument in place of the deviation of minimum temperature. According to Welch et al. (2010) , an increase in the maximum temperature has a positive effect on crops, although this effect is more than offset by the negative impact of rising minimum temperature (see section 3.1). Hence, a significantly negative coefficient for this variable would contradict our main findings. Nevertheless, our results show that there is no significant relationship between the deviation of maximum temperature and rice production in almost all our models (table 13). Only in model 2 the two variables are positively and significantly related at 10 per cent level. The values of Kleibergen-Paap Wald F statistics, however, are very low suggesting that the deviation of maximum temperature, even where it is significant, is too weakly correlated with rice production to be used as an appropriate instrument. When using the deviation of maximum temperature as instrument we estimate all the five models adopted previously as reported in tables 4-7. Here, we report only the coefficients for our variable of interest, that is the deviation of maximum temperature in the first stage and the quantity of rice produced in the second stage. Standard errors clustered at regional level in parentheses; *** p<0.01, ** p<0.05, * p<01. In this regression, we do not use the Conley test because, as argued by Conley et al. (2012) , the relevance of the instrument is more important than its exogeneity. In other words, the Conley test does not work if the instrument is not relevant.
Source: Authors' own calculation from VARHS dataset.
Conclusions
This paper addressed the relationship between climate change and migration by focusing on the channel of rice production. By exploiting the link between minimum temperature and rice production, which is the object of a stream of literature in the natural sciences, we identify a specific link that was missing in the literature. Viet Nam, the fifth world rice producer, has been our testbed given the availability of finegrained household data. In an economy in which rice is the staple food, the negative impact of increasing minimum temperature on rice crops may cause people to migrate possibly because there are fewer jobs 26 in agriculture and because the same effort pays less than before. Results show that the rise of the minimum temperature during the core month of the growing season (i.e. June) causes a reduction in rice production which, in turn, has a positive impact on people's propensity to migrate. This finding is robust to the use of different estimators.
Our study has two important implications for the development of Vietnamese rural households in the face of climate change. First, it sheds light on the link between climate variations, agriculture production and migration allowing the policy makers to fully understand how this phenomenon may impact on people's lives and to predict future population movements. Furthermore, this study also discloses some consequences of the excessive dependence of Vietnamese households from rice crops: households that are largely dependent form rice revenues are deemed to be severely affected by variations in the temperatures. This finding encourages the adoption of alternative crops who may be more resistant to climate variations as well as the introduction of ad hoc policies to support the most climate-sensitive households. As claimed by Reuveny (2007) , government intervention mitigates the effect of climate change on migration. Notes: Standard errors clustered at regional level in parentheses; *** p<0.01, ** p<0.05, * p<01
